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TWO- PHASES SUBSTRATE CLEANI NG COVPOUND By I nventors: M khail Korolik, Erik
K. Freer, John M de Larios, Katrina M khaylichenko, M ke Ravkin, and
Fritz Redeker BACKGROUND [1] In the fabrication of sem conductor devices

such as int @) aleehsgisrcuits, nmenory cells, and the |ikexrass@khfSocof
manuf act uri ng operations are perforned to define features on sem conduct or

substrates ("substrates”). During the series of manufacturing operations,
the substrate surface is exposed to various types of contam nants.
Essentially any material present in a manufacturing operation is a
potential source of contam nation. For exanple, sources of contam nation
may include process gases, chem cals, deposition materials, etch

by- product s, MIETHQU AND SWSPEM TEOR USIN Y A TOVE-FEIATES SUBS TRA TE
deposit on the wafer surface in particulate form (particles). [2] The

surface of sem conductor substreayasAaMINGREOMPEHENIPf substrate
contam nants. |If not renoved, the devices wthin the vicinity of the

contam nation will |ikely be inoperabl®nvéhtdst rat e cont am nant s may al so

affect devi ce per{ o Maiieg, § RALAG S 816D, AR BES UG8 MIALIHISL0

occur at faster rates than usua 'S hecessar

contam nants from the substrate surNike&ayhn, anté%sﬁlaﬁﬁlqeal |y conpl ete manner
wi thout damaging the substrate surfgge-@@8ctNe features defined on the
substrate. The size of particulate comtamnatron is often on t he order of

the critical 51?1' MBR S Orthddh Ao RB1dESS advalL ktﬁﬁ%@%te%ﬁtéd%c f Slmo %al

of such small particul ate contam nation w thout adversel fectl ng
surface and ¥Waffrlds 2ohrieshef SaBEIEPE PAIRpRS &aincEowRrs i%ﬂﬂfwe fﬁ@ffrwf R0vi ew
of the for eg@mndadaﬁrsebgustea(mﬁdmwy BiiririghBé 03rR6l oS BRIt DpeafidRTthe

technique to,renove, contanm nants fromsubstrate surface to ove, devi ce
Vi ol d. SRR PR R PR g PRE ShEGUTHERES . FRIT Y HelWaRaey
provi di ng i nprwved ssubstfacatras optratéum ing roeohiisques of cpntzaﬁmz@ncd‘m axnnnvémt S

fromthe subghral s UtdAERiIoh Qudy TR, HQN gages, X$e%}19513 'dkpoglzfauln%&%;s etch
appreci ated that the present | nvent I Oon can I 'n numerou
by-products, and liquids, among others. The various contammants may deposit on the wafer

surface in particulate form (particles).

2] The surface of semiconductor substrates must be cleaned of substrate contaminants.
If not removed, the devices within the vicinity of the contamination will likely be inoperable.
Substrate contaminants may also affect device performance characteristics and cause device
failure to occur at faster rates than usual. Thus, it is necessary to clean contaminants from
the substrate surface in a substantially complete manner without damaging the substrate
surface and the features defined on the substrate. The size of particulate contamination ig
often on the order of the critical dimension size of features fabricated on the wafer. Removal
of such srall particulate contamination without adversely affecting the surface and features

on the substrate can be guite difficult,

i3] In view of the foregoing, there is a need for an improved substrate cleaning technique

to remove contaminants from substrate surface to improve device yield.

SUMMARY

[4] Broadly speaking, the embodiments fill the need by providing improved substrate
cleaning techniques to remove contaminants from the substrate surface to improve device

yield. It should be appreciated that the present invention can be implemented in numerous



WO 2007/ 078975 PCT' /1JS2006/ 048706 2 ways, including as a solution, a

net hod, a process, an apparatus, or a system Several inventive

enbodi ments of the present invention are described below. [5). In one
enbodi ment, a cleaning conpound to renove particul ate contam nants froma
sem conduct o sdbskéat e surface i s provided. The cl eani pgrGRIPEUIREHs NCcl udes
a viscous liquid with a viscosity between about | cP to about 10,000 cP.
The cl eani ng conpound also includes a plurality of solid conponents

di spersed in the viscous liquid, the plurality of solid conponents
interact with the particul ate contam nants on the substrate surface to
renove the particulate contam nants fromthe substrate surface. [6) In
anot her enbodi nent, an apparatus for cleaning particulate contam nants from
a  substrat eveysrheodnphs a Slltivnr ametiod, ppoveded e EpPRPAVHST TV Edes a
substrate S%%ﬂf\&e enfbSSBMHRlr iiRHrdlgh divedich AR Kuhistd &, The apparatus al so

i ncludes an applicator to dlspense a cleaning conpound to clean the
particul ate gpnt Md%aﬂﬂﬁ}‘édﬁlfeﬁﬂhbi&&axﬁymﬁﬂoaﬁcﬂo&&ﬂ(ﬁ\&@mcw}ﬁ&rﬁmﬁmnﬁh@ fiotoeani ng

conmpound is a viscous liguid havi.ng a vis betmeen bo ToX about
107000 cp atoriaiEnts st St i e idblodge dehe SPTRarR et sl g
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surface is prOV|de I ncludes ap g a_viscous liquid having
solid conpouenensniiipreetaath hpardeupt epnfaﬁén%tfgltt QEBSTEA %%*%e toFEEOYFebh o d

al so i ncl udegRPRle¥bNtnfand @bmehAVIAE sa-rdlewn- war d conponent and a shear
conmponent to the viscous liquid to bring at |east one solid conponent

wi thin proxig tyI:Oﬁr_loﬂwpafnbbdlmleﬁtt en agtanii faanbarp parecudab sentabigants tirface.
The method f U%t ALE su!r c& é‘%d ltxbs‘targggvé ng)wdlé]:? haIthe aggﬁgtug) %1@9% 'a%uﬁz%?g?ﬁ and

the particdl'Bt € ShtEn nan fromthe substrate surface her
aspects and aagwhivfagkddiog ﬂtemib%ﬁvfe rithe aaPardthy alfseiselrdesap papiattor 14 SpRepifet
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rating by way of exanple.the princjples of t i, nvention.
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€

struct ur al rent g

[71 In yet another embodiment, a method to clean particulate contaminants from a
substrate surface is provided. The method includes applying a viscous liquid having solid
components dispersed therein to the substrate surface. The method also includes applying a
force having a down-ward component and a shear component to the viscous liguid to bring at
least one solid component within proximity of a particulate contaminant on the substrate
surface. The method further includes removing the at least one solid component and the

particulate contaminant away from the substrate surface.

[8] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[ The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elemenis.



WD 2007/ 078975 PCT/ US20061048706 3 [101 Figure | A shows a physical diagram
of a cleaning solution for renoving particulate contam nation froma
substrate surface, in accordance with one enbodi nent of the present
invention. 1111 Figure | B shows a diagram of stress and viscosity as a
function of wwhaafskate for a non-Newtonian fluid. 1121 pbipggs@ebferghons a
physi cal diagram of a cleaning solution with a gel and a network of solid
conpounds. [13] Figure ID shows a physical diagramof a solid conponent of
the cleaning solution of Figurel Ain the proximty of a contam nant on
t he substrate surface. [141 Figure | E shows a physical diagramof solid
conponent of the cl eaning solution of Fid3gure | A making contact with

cont am nant @p substrate surface. [151 Figure |IF shows a physical

di agram of sBF] d T8FpINSHT DT PRfsiseldizesdin 0f 2 sloriirg sivtion foRiegayias paricwevi ng
cont ami nant eoweynifiatiomftohea subbsdte Alreicg Wi hacflandebbidh HleQMR dZneBhONGe Pesent
enbodi ment of,.a.process flow for removing particulate contanmi nants from

t he surface o?’ a Substrate. [17J Figure 3 shows a schematic diagram of an
enbodi nent o C PETALL SCRI PTI ON OF
THE EXEl\/PLAR[il(I%\/SE?%§ 3 ﬁﬁ%ﬁ(’@f{sﬁﬁ%g’\?edrfg Egégg?rﬁ’ﬁg‘%&enﬁod'm“ EPSh?g s fPr Fdved
substrate cl‘é’érﬁl‘?’f@"‘tlﬁb@iﬁ?’que to rem)ve particul ate contani nants fromthe
substrate to rFove Eéé ocess are provided. It should be appreC| at ed
that the pr e[s 1BV ht PR yﬁ%a CHFEPEN R BN SAUHRT Witk 2 wehAed aineTageli ng
as a sol utmfmohchcompomeiss a nmet hod, an apparatus, or a system Several

i nventive enbodinents of the present invention are described below It
will be appdit@nt Fisyra Hyghowsjaiphyséq! iagramef aselid dvatpondnb ef he eseritg joltientl on
may be pr aCtH@.ﬁd!Mﬁﬂﬂ@&dioxﬁﬁ%f@ﬁ;oﬁ&&mmtohl?}ﬁ':s§%ﬁiesh1(f‘acget ails set forth
herein. [19] The enbodi nents described herein provide for a cleaning
techni que t H¥] eFigotent ﬂ&wstahﬁysaeﬁdlagﬁm ﬂtuoa&b&ﬁp&@ﬂt@qﬁe @%Iﬂgssoﬁlfnﬁh ek ent
at cl eant ng ¢ 0h BULIRAL Sl SN E SR EY B syt ki @les, some of which iy

contain high pect ures. provi de specific

exanpl es 1 elipdjedripreSQMne R0 d WhlHal Qilagr%'ﬁ' &Qoﬁd’?&rﬁ&%ﬁt%@% 40888 SLE3NLAY

Figure 1 A moving contaminant away from the substrate surface.

[16] Figure 2 shows an embodiment of a process flow for removing particulate

confaminants from the surface of a substrate.

f17]  Figure 3 shows a schematic diagram of an embodiment of a substrate surface cleaning

system.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[18]  Several exemplary embodiments for improved substrate cleaning technique to remove
particulate contaminants from the substrate to improve process yield are provided, It should
be appreciated that the present invention can be implemented in numerous ways, including as
a solution, a process, a method, an apparatus, or a system. Several inventive embodiments of
the present invention are described below. It will be apparent to those skilled in the art that
the present invention may be practiced without some or all of the specific details sct forth

herein.

{19]  The embodiments described herein provide for a cleaning technique that eliminates
the need for abrasive contact and is efficient at cleaning contaminants from semiconductor
substrates, some of which may contain high aspect ratio features. While the embodiments

provide specific examples related to semiconductor cleaning applications, these cleaning



WO 2007/ 078975 PCT/ CS2006/ 048706 4 applications may be extended to any
technol ogy requiring the renoval of contam nants from a substrate. As
descri bed bel ow, a cl eaning solution having a continuous |liquid phase and a
di spersed solid phase is provided. Solid particles are dispersed throughout

the Iiquid ph@sern7s820] Figure 1A shows a physical di agrpgfniRbogosheani ng
solution (or conpound) 101 for renoving contam nants 103 from a surface

106 of a sem conductor substrate 105, in accordance with one enbodi nent of
the present invention. The cleaning solution 101 includes a viscous liquid
107, and solid conmponents 109. The solid conponents 109 are dispersed
within the viscous liquid 107. The viscods liquid 107 provides a vehicle to
bring the SO|Id conponents 109 proxinate to the contam nants 103 in order

for the sol i PPUtAHABORBREPSCTgeLIRGnY IFeoMsy A iRathe remaval of sontasiarts from

eventual | y resmwetd. hes mm&mbﬂlaﬂrI;&cleaﬂrﬁ)r?g Johu@iBh hﬁ\@né&&ﬁhﬁb&h@]@&!ﬂﬁ)ﬁ@s@ and$. I'n
one enbodlngﬂ

agent, or by %ﬁéécgsosl%lp% gsgtmcorrpgﬁde tﬁ%*}%ﬁ%%zﬁ%‘r‘é‘ Brse‘?f% ﬁ%‘ﬁﬁf ﬂ@‘“dﬁf‘%ta: on
101 can be ppgpa Fﬁgaréomhafsog \smﬁ&aﬁﬂ&@mw'a&nﬁg gﬁ %aj ﬁﬂ

water (DWW wth a wei wei ght perctent greate e So
conmpounds 109™Mayiae &8?‘5’6)&‘?1‘$ cl 0 ciom st srépse ploe cfps tsamelncrupf@ms@bs@s@l 1a8d in

car boxylic %bﬁddnﬂe tvh@t &ﬂev\émlbd?hrﬂﬁﬁ v mgfeg&@timvek% Qﬁé Q%mﬂ%' fmr%{mrpfwi he
carboxylic aci olved carboxylic acid orma Vviscous

li quid 107 vx‘n"‘f‘ﬁde& v‘i‘%°8'655}1‘319d 68? vﬁ@@ﬁ"lr ‘é‘l—*’lf?("c‘}@m i SpoiRejolidsonparnts1 2060 cP
at the sheardispeaedewplin thepdscoseloudl 1070MEhet icags ltcp)amm'?q;rb\sddsma.tehictaﬁo@k@@nl ng

COmPOLnd L orue bl RMborRR0 RO pIRAR.DY HXLOGGRLRON E S65UR )l Sug L)

in solvents other ar or non- ]
al cohol , caﬁoﬁPQEnﬁéoﬁﬁﬁﬁﬂwFQ@?“WW@S§Bnpdﬂ@@WWDﬂ@mm§bm@@0af@edepwmged in

suspensi on Wwot hidh Eﬁ%esu‘ﬁhtﬁa@é) B faked quﬁ d 114- Qhe embSHiARR, SEHLGLH) rggxﬂﬁeneﬁ@ € oY1 S£0US
t hat conbi nes a network of solid onents 109

I|qU|d 107 i.s

to form the héi“@%%‘?c}rﬁy R ShpYeH deag o tmdefﬁ‘ PEHCHY: é‘bﬁW EbasimETOnS GlsetiET o
surface 106 solagorsiidwan b&iplepged By diBolviie bk diceopeonentds-idQd wi@eol) W t h
Forces. The iy HALDAR: RELIR B8 802 C 2R B0G ArPRIS (e cReBtLe Frus o
107, which iselids mlﬁqiiéfafeérfmr@fdlqaolg@ carbithigliq adidtin viel PIW hilghonei eedogintept, afie t he

gel allows @abey ﬁ:ﬁni?e@%k’ﬂ%%a%x?lr&eacgiexl 19 &'E@‘Hég&\tﬁdt o;:ﬁirc%gtdoy@o&i@?m Q
conpound in the The cl eani ng_conpound 101, as shown in gure can

be formed by ’Sc‘fﬁS%ﬁwd IR7 yitare visorritE hevaen bef Qsﬁnttﬁé%éa%%kyﬁwoae |aathg giers
such as bet weenf Bpaudcad¥ t@meahifto note is that the cleaning compound (or solution) can be

made by mixing carboxylic acid(s) (or salts} in solvents other than water. Other polar or

non-polar solvents, such as alcohol, can also be used.

{21]  The solid components 109 are dispersed in suspension within the viscous liquid 107.
In one embodiment, the viscous liquid 107 is a gel that combines with a network of solid
components 109 to form the cleaning compound 101, which can be applied on the substrate
surface 106, as shown in Figure 1B. The solid components 109 interact with one another to
form the network of solid compound through van der Waals forces. The solid components
109 are suspended within the viscous liquid 107, which is in the form of a gel. The relatively
high viscosity of the gel allows a force applied on the gel to transmit the force on the solid
compound in the gel. The cleaning compound 101, as shown in Figure 1B, can be formed by
mixing higher concentration of the carboxylic acid solids, such as between about 3% to about
5% and preferably between about 4% to about 5%, with DIW. In one embodiment, the
mixture of carboxylic acid solids and DIW can be heated to about 75°C to about 85°C to



5% and preferably between about 4%to about 5% with DOW In one
enbodi nent, the mxture of carboxylic acid solids and DIWcan be heated to
about 75C to about 85C to WD 2007/078975 PCT/ US2006/ 048706 5 shorten the
duration for the solids to be dissolved in DLW Once the solids are
di ssol ved, t@200@h88RI Ng sol ution can be cool ed down. Dyichagishessesol i ng
down process, solid conmpounds in the formof needles or plates would
precipitates. [221 I n one enbodi nment, the viscous liquid 107 is a
non- Newt oni an fluid whose viscosity decreases with the increase of shear
rate. However, the viscous fluid 107 can be a Newtonian fluid. Figure 1C
shows a di agram of a non-Newtonian fluid3f the descri bed enbodi nent. The
vi scosity ap oache zero V\/gﬁ Cge shear rate is very h. The viscosity
of the non- Wfrb%e rafipr fog g st 4 Rsdisselveh i @N‘éa@n%{%“’es‘% e disedvedpliei ng
t he c: eani nlgcleqmergabluam cal beQedSlEtﬂdd"lmr’] @;mgﬁg QIE c§&ﬁ§ﬁo%§bﬁ)clﬁ§ SBd &gﬁrﬁdndsﬁﬁ ﬁn
exanmple, a t i ght % carboxylic acid in DI'Whas
WP el 6 pe b UG

a viscosity 0 S t°§°’econd shear rate and the

viscosity f aith tr oﬁ@%od%en? RudMI&Rus RGP hﬁaig len% ﬁalv%é%%%?dswho%e %QQOOSII‘? er

second. [23] As described above, the Vi scous has a vi sCosl
bet ween aboufeFeses Bith die ingsense ofishemome. cféo“’f’\)’\hf‘eﬁlealssm&hnd‘ Y cen pasa ﬁmﬂbm@m on a

surface of tined.solgute ONsHdE.a d1k@mﬂ lo§ Q Qbs NerioHidh HuikOdt 168 BestMiR0tRbaiRRRL  Of

t he shear foﬁlceemtcg § e sol.id co ds,.109. The solid _conpounds 109 woul d
contact contami AERTY PEDHIT “HY DERCEFHNEY B1eBnaRie MG Y 98 thesigBst r at e

surface. [ Zzﬁ?cmonigh@uiddddoeamchert&t simdr tahaincdepe ndivhige Qe tbiRasderdioh,ad
enbodi nent, ctehﬁn §£1 ng sh‘éQJ]EP:Q nsesréret?tea'og? XM é)J;Hnnle a f?uu% gcﬁ 0 1'5'1% tgﬁ Le 1g£t{»5‘et1%jfg may

possess phyS| cal pr operties representing es Wt hin
the solid pHaDaxviigeddn PTvhkes sgliscepitplahighous §300défat %émemc@dﬁh@sw@m“ han

liquid or gagscodf@alRARRRIE10 PYBINGR] shBA-PRE Inkiefsts RUGDO P& sefn@sti city and
plasticity can vary anong different types of solid conponents 109 within

the cl eani dgimaterdewribdDdhovAdti tisanalibyid 107 hsdwuisebsbﬁ beder soapthb thad i n
various enbqgi n 109 ¢ ined as crystalline
solids or non- dg‘?@b% W?\r@gggfgﬁggﬁ% ggrie S cﬁﬁ%’e 59 ‘glro?ﬂgﬁlﬂé w%cﬁf}ssi cal
properties, lapE KB ¢a8 wawaisomamiof tOshesi fokdentot the solgl eampaugdsmi@ser iTaé sAIBiL

shoul d be C%&@p&&d@fowgllﬁi'c&gao@-gmﬁﬂ&% 18 &H%o%é’i?heac%ﬁral‘?;fnaﬁt?@&ﬁ ﬁ&ﬁ the
surface 106 Str%tﬁglfr}etl oned in either ¢close proximty to or in contact with

the substrat® & 106. Additionally, the mechanical properties of the

solid conporpﬁnt St ]sggulﬁ rb%%n%eﬁ%od that depending on the particular embodiment, the solid
components 109 within the cleaning material 101 may possess physical properties
representing essentially any sub-state within the solid phase, wherein the solid phase is
defined as a phase other than liquid or gas. For example, physical properties such as
elasticity and plasticity can vary among different types of solid components 109 within the
cleaning material 101. Additionally, it should be understood that in various embodiments the
solid components 109 can be defined as crystalline solids or non-crystalline solids.
Regardless of their particular physical properties, the solid components 109 within the
cleaning material 101 should be capable of avoiding adherence to the surface of substrate
surface 106 when positioned in either close proximity to or in contact with the substrate
surface 106. Additionally, the mechanical properties of the solid components 109 should not
cause damage to the substrate surface 106 during the cleaning process. In one embodiment,

the hardness of the solid components 109 is less than the hardness of the substrate surface
106,



cause damage to the substrate surface 106 during the cleaning process. In
one enbodi nent, the hardness of the solid conponents 109 is |ess than the
hardness of the substrate surface 106. WD 2007/078975 PCT/ 1J52006/ 048706
6 [25] Furthernore, the solid conponents 109 shoul d be capabl e of

est abl i shi ngv@pordRe_raction with the contam nants 103 piga&piosoR7dshe
substrate surface 106 when positioned in either close proximty or contact
with the contam nants 103. For exanple, the size and shape of the solid
conmponents 109 should be favorable for establishing the interaction

bet ween the solid conponents 109 and the contam nants 103. In one

enbodi ment, the solid conpounds 109 havé cross-sectional areas greater

t han t he cross sect j onal areas of the contaninants. As shown in Figure |ID,
when a sol i dP%EbndBHRd™ere thevisphd Fomaprsatss i shauld beeerrabloP! esiblidingdat o t he
sur f ace areamAMQBma@hh&wﬂ&hﬁhﬁﬁhﬁ&ﬁS@Q&h@BﬁﬂﬁﬂhM%Q&sud&ﬁﬁﬂ%h@@ﬁpo&@ﬁ@@ Fs’

exerted on the conpo ransm tted on the rticul at
cont ani nant @er %‘fse é’rog%% °F %c;n gt W{S}l? %ﬂeﬁf’i’%‘a‘“’;ﬁﬁfﬁdﬁg %B'S/e’taﬁ‘g’%aplgélzf‘ é‘flﬁ?o
(Fs' x Alo9, sh/apoﬂ\ihﬂﬂie) solifforomprampl &9 stohid tef fazotabl efod iestaBisking Fheofntdrivsion
particul ate ﬁe@@éeﬂ%mnfj %93’0%;,%&@]%&@0%@%39 Mt Ral rLer e%gdmnguws% kb W

and length L of the so oth bet wee mcron to
about 50 m cEWHPOHHE ’toﬁehaf"ﬁlcé%ﬁé%‘?ém’éﬁﬁ e esgier dhavo e ouprd-se@Qnalj aedsetfiben

about 1 mi crmtmm@bmgsh%wmlﬁmm Thewih 8dsolidleb@péiia foor Gzﬁh Ul BhkRE )
coul d. be between 2,500 % @Bout 250, 000 grd)great er. The shear force
exerted on tHE DYFPERNET & B5RHRTEE: A0 8T 2dBTH ecopEmjnarh i s e fBFaE oul d

di sl odge parfbice lﬁk’aaxatemlmnttamdnampmﬁ@ﬁd 169 dnrdnly@ited DS @k ﬁaxﬁcmétamtabﬁﬁant [ 26]
Energy tr ans i3} £teaﬁshg;[rquc% m%ltﬁ;%!aé %Ugﬂ%g e Q&ea er?o gl 5 o woceq’aczﬁ’ g;t)aq*]ong‘ i]‘

can occur rou ontact an $&€%t ne’ €6 ar‘n nant
103' to be @%P%delﬂmefm DtCPféhfsmigW?éﬁt eongrifizat 0706 leS$ manhb@lt@rﬂbm@rqment

the solid corpangntw LA lendBr. Bems ofiless Bundmas@d% bt)tww&ﬁ ORI
103'. If the solid conmponent 109' is softer than the contam nant . 103

greater def FPRECPERHOSP apth e dbipigsses fssrlheommagnd 199”1 RedYSena8ow dCBF OB i ng
the col | i si cidput Sneistsht Thgaenraie $s foreanshipherpiould Mateheec8 RSOY Y6 sfbeﬁtzdn sbwodgi ng

t he contam strate surface 106. ,th ere the
solid corrponr%%%ea%gQThe gsh%%)oﬁtp %ex an 't h mécgr#ea?ﬁnhaénﬁ anik)@i ,co Vl\hrfgve
connection lﬁedmwlslh@mmcdlate@mmémt 198 Froma the Stﬂbﬁerates@rrﬁacaﬁﬂﬁant 103" may
be stronger. Conversely, if the solid conponent 109" is at |east as hard

as the cont dff! naﬁt‘*e’-’@o@a“sfeém% e hi tqlid|cpyr SRl 081 o the soisFeipad 0 8 g3FUt an

occur bet weekrough direct or indirect contact and may cause the contaminant 103’ to be disfodged from
the substrate surface 106. In this embodiment, the solid component 109° may be sofler or
harder than the contaminant 103°. If the solid component 109’ is softer than the contaminant
103°, greater deformation of the solid component 109° is likely to occur during the collision,
resulting in less transfer of kinetic energy for dislodging the contaminant 103’ from the
substrate surface 106. In the case where the solid component 109’ is softer than the
contaminant 103°, the adhesive connection between the solid component 109° and the
contaminant 103" may be stronger. Conversely, if the solid component 109’ is at least as
hard as the contaminant 103°, a substantially complete transfer of energy can occur between
the solid component 109 and the contaminant 103°, thus increasing the force that serves to
dislodge the contaminant 103° from the substrate surface 106. However, in the case where
the solid component 109’ is at least as hard as the contaminant 103, interaction forces that

rely on deformation of the solid component 109’ may be reduced. It should be appreciated



the solid conponent 109' and the contam nant 103", thus increasing the
force that serves to dislodge the contam nant 103' fromthe substrate
surface 106. However, in the case where the solid conmponent 109" is at

| east as hard as the contami nant 103', interaction forces that rely on

def or mat i onvaf zdohess@l i d conponent 109' may be reduced. ptnshou.drdae
appreci ated WO 2007/ 078975 PCT/1JS2006/ 048706 7 that physical properties
and relative velocities associated with the solid conponent 109' and the
contam nant 103" will influence the collision interaction there between.
[271 Figures |IE and | F show anot her enbodi nent of how the cleaning materi al
101 functions to renove the contam nant 7103 fromthe substrate surface
106. During &he cI,eaEni n process a downward_force FD, which is a downward
conponent  of DFGPRICHE Propertigsauf rel s eloigies asenciatpd W GR etlidscormonant {98’ And he
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embodi ment , SeHEARte rThetfoon Wﬂ?étﬂWe@hdtcﬁepwml w9oem@mamaym@n drecsubstrate
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cont am nant 103. ThldS m%erac 1 on ma also be referred to as solid
conponent 138" SgEdngte bR e seamen 1’509 i 2659 Maved pYpeiTR thonbteicw Bt ween
the solid codponetit cd@8niand 10he tanéditng atsutk@ae kGface 106. In one embodiment,

the interaction between the solid component 109 and contaminant 103 occurs when the solid
component 109 is forced sufficiently close to the contaminant 103. In one embodiment, this
distance may be within about 10 nanometers. In another embodiment, the interaction
between the solid component 109 and contaminant 103 occurs when the solid component
109 actually contacts the contaminant 103. This interaction may also be referred to as solid

component 109 engaging contaminant 103,

[28)  The interaction force between the solid component 109 and the contaminant 103 is
stronger than the force connecting the contaminant 103 to the substrate surface 106. Figure
IF, shows when a solid component 109 is moved away from the substrate surface 106, the
contaminant 103 bound to the solid component 109 is also moved away from the substrate
surface 106. It should be noted that multiple contaminant removal mechanisms can oceur

during the cleaning process.



stronger than the force connecting the contam nant 103 to the substrate
surface 106, Figure |F, shows when a solid conponent 109 is noved away
fromthe substrate surface 106, the contam nant 103 bound to the solid
conponent 109 is also noved away fromthe substrate surface 106. It should
be noted thafp mabdsplse contam nant renoval nmechani sns CaR-ra&SHEHsHr 1 Ng the
cl eani ng process. WO 2007/078975 PCT /US2006/ 048706 8 1291 It should be
appreci ated that because the solid conponents 109 interact with the

contam nation 103 to affect the cl eaning process, contam nation 103 renoval
across the substrate surface 106 will be dependent on how well the solid
conponents 109 are distributed across tlBe substrate surface 106. In a
preferred enmpodi nent, the solid conponents 109 will be so well distributed
that essenti &Pl y Tl boarpssraanthat brzause tieheolidsaompprentsel Wyintesse wiOGhey | |
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conponent s ﬁ%gw ded. %"&1301 | nteraction between the solid conponent 109

and the cont'athi poniagyn Hofree‘thé%t‘hBIW%W@HeT‘ﬁﬁﬁﬂ&@W I %)rge%?téﬂ AFERENI sns
i ncl udi ng adheséromnre, G(ﬂidl doSipOxlfB,nt 030may bd ARMNME of ﬁlﬁé&@tsconipﬂm &tdﬂsdss‘éd to
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anot her enbodi nent, physical interaction between e sol |Eailconpohent 109
and the contyi nmetaction Hcﬁwefcﬁﬁ:h& |st>zat eSnfyhehth 0aMBCh @i EddamiRERP@A d8She0f t he

solid conpo exa solid, conpaopent 109 can he nalleable
such t hat WAt mechh of B PRoR eGP AR G B O B i AL 03
becomes i mwFest edengi dthern Adbesiombdteedsl the sdiklicdmporpoitenid 28@amihimtdnbtdeer _
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conponents 109. In this nbodi nment PCal  Stressas Can ‘ransf erred
t hr ough t he “HBYANGFK: hendignl jigteraction causes a glue-hke effect to occur between the solid

component 109 and the contaminant 103. In another embodiment, physical interaction
between the solid component 109 and the contaminant 103 is facilitated by the mechanical
properties of the solid component 109. For example, the solid component 109 can be
malleable such that when pressed against the contaminant 103, the contaminant 103 becomes
imprinted within the malleable solid component 109. In another embodiment, the
contaminant 103 can become entangled in a network of solid components 109. In this
embodiment, mechanical stresses can be transferred through the network of solid
components 109 to the contaminant 103, thus providing the mechanical force necessary for

removal of the contaminant 103 from the substrate surface 106.

[31] Deformation of the solid component 109 due to imprinting by the contaminant 103
creates a mechanical linkage between the solid component 109 and the contaminant 103. For
example, a surface topography of the contaminant 103 may be such that as the contaminant

103 is pressed into the solid component 109, portions of the solid component 109 material



conponents 109 to the contam nant 103, thus providing the nechanical force
necessary for renoval of the contam nant 103 fromthe substrate surface
106. [311 Defornmation of the solid conponent 109 due to inprinting by the
contam nant 103 creates a nechanical |inkage between the solid conponent
109 and theepnjamgiant 103. For exanple, a surface topegnaphy.ht he
contam nant 103 nay be such that as the contam nant 103 is pressed into
the solid conponent 109, portions of the solid conmponent 109 naterial WO
2007/ 078975 PCT/ 1152006/ 048706 9 enters regions within the surface

t opography of the contam nant 103 from which the solid conponent 109
material cannot easily escape, thereby cPeating a | ocking nmechanism [321
In addition to the foregoing, in one enbodi ment, interaction between the
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103 have opposite surface charges they will be electrically attracted to
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el ectrostatic repul sion there between can be overcone through van der Wal s
attraction. BHe fprpehappobedimey, emhelevirastatogepulden duayOFittdbetvhen sibb isdlid

conmponent 1Q3ni¥B¥enb €09 S thé 6br@MHindf 16Y CFGU BB v ﬁﬁtsﬁﬁ)é E(ﬂ“ﬁﬂo%er{tq[@y l,34 on
such that van der V\aalioattractlve forces are established between the

solid conport@hfe e aeh0d $78 Pevrihrn aferative s tace digrecIirobiBrfaluryee daregdbt her
enbodi-ment , thdheclpHcahpdas: YOS amlishd tatinGnah0 408 adan iR bdiHiShedelbe aopensat e

f or surface h of t,he solid, ,conmpone 199 and
ont o nart HOARAE I bRy NG Rre el Lan T B R QIR Wy
reduced to aftEeiion. t Bheeforagtappligsittiydhe vispousiquich 387 wi ttlhecrhdtdwelpsnﬂnr #0wapbnent

or the cont amrdhi @RvEXShOILE clestlshaCRpQlas d8h %Y@Jnscﬁl‘ Wa@is%ﬁfaytﬁretf&césrk?c ot her
resulting in e egﬁé{ostatl c attraction. For exa ., a base, such
Ammroni um Hy §F8is8% ReRgrate Soﬂﬁﬁo‘ﬁ@“%&%%ﬁnfidh% QFWHQ-”C acid gel, made by

di ssol vi ng % Qfi4:d r box aci.d.in D wt fatty acid s&l
dd
conponent s 3 0‘6 1t1 onﬁiy, mn ¥1 tﬁer embodiment, tl\1/z¥ th the vxs%us (iiqmd '7J can be

adjusted to compensate for surface charges present on one or both of the solid component
109 and contaminant 103, such that the electrostatic repulsion there between is reduced to
facilitate interaction, or so that either the solid component or the. contamination exhibit
surface charge reversal relative 1o the other resulting in elecirostatic attraction. For example,
a base, such as Armnonium Hydroxide (NH,OH), can be added to a carboxylic acid gel,
made by dissolving 3-4% of a carboxylic acid in DIW, with fatty acid solid components to
increase the pH valuc of the gel (viscous liquid). The amount of NH4OH added is between
about 0.05% to about 5%, preferably between about 0.25% to about 2%. Ammonium
Hydroxide helps the fatty acid solids to be hydrolyzed and to be dispersed in the gel.
Ammonium Hydroxide can also hydrolyze the contaminants 103. To clean metal
contaminants, lower pH solution can also be used. Buffered HF solution can be used to tune

the pH value to be between about 6 to about 8.

[35] In addition to using a base, such as Ammonium Hydroxide, to enhance cleaning

efficiency, a surfactant, such as ammonium dodecyl sulfate, CHz(CHa),;OSO;NH,, can also



i ncrease the pH value of the gel (viscous liquid). The anount of N -L40Q -1
added is between about 0.05%to about 5% preferably between about 0.25%
to about 2% Ammonium Hydroxide helps the fatty acid solids to be

hydrol yzed and to be dispersed in the gel. Ammoni um Hydroxi de can al so

hydrol yze t @, sptamsnants 103. To clean netal contam naRh&okeWwars PH
solution can al so be used. Buffered HF solution can be used to tune the pH

val ue to be between about 6 to about 8. [35] In addition to using a base,
such as Ammoni um Hydr oxi de, to enhance cleaning efficiency, a surfactant,
such as ammoni um dodecyl sulfate, C-13(CH2)110SO3NH4, can al so WO

2007/ 078975 PCT/ uS2006/ 048706 10 be addé® to the car boxylic acid gel. In
one enbodi ment, about 0.1%to about 5% of surfactant is added to the
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Ther ef or e, rh poi nt tto u erst ndﬁ%? he solid caonponents 109 can be
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{37] Some exemplary solid components 109 include aliphatic acids, carboxylic acids,
paraffin, cellulose, wax, polymers, polystyrene, polypeptides, and other visco-elastic
materials. The solid component 109 material should be present at a concentration that
exceeds its solubility limit within the viscous liquid 107. In addition, it should be understood
that the cleaning effectiveness associated with a particular solid component 109 material may

vary as a function of temperature, pIl, and other envirommental conditions.

[38] The aliphatic acids represent essentially any acid defined by organic compounds in
which carbon atoms form open chains. A fatly acid is an example of an aliphatic acid and an
example of a carboxylic acid that can be used as the solid components 109 within the
cleaning material 101. Examples of fatty acids that may be used as the solid components 109
include lauric, palmitic, stearic, oleic, linoleic, linolenic, arachidonic, gadoleic, eurcic,
butyrie, caproic, caprylic, myristic, margaric, behenic, lignoseric, myristoleic, palmitoleic,
nervanic, parinaric, timnodonic, brassic, clupanodonic acid, lignoceric acid, cerotic acid, and

mixtures thereof, among others. In one embodiment, the solid components 109 can represent



that the cleaning effectiveness associated with a particular solid
conponent 109 material may vary as a function of tenperature, pll, and

ot her environnmental conditions. [381 The aliphatic acids represent
essentially any acid defined by organic conmpounds in which carbon atons
form open chahpwroAeatly acid is an exanpl e of an al i phathg@chsd-and an
exanpl e of a carboxylic acid that can be used as the solid conponents 109
within the cleaning material 101. Exanples of fatty acids that may be used
as the solid conmponents 109 include lauric, palmtic, stearic, oleic,
linoleic, linolenic, arachidonic, gadoleic, eurcic, butyric, caproic,
caprylic, nyristic, margaric, behenic, | tgnoseric, myristoleic,
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[41] Figure 2 is an illustration showing a flowchart of a method for removing
contaminants from a substrate surface, in accordance with one embodiment of the present
invention. It should be understood that the substrate referenced in the method of Figure 2
can represent a semiconductor wafer or any other type of substrate from which contaminants
associated with a fabrication process need to be removed. Also, the contaminants referenced
in the method of Figure 2 can represent essentially any type of surface contaminant
associated with the semiconductor wafer fabrication process, including but not limited to
particulate contamination, trace metal contamination, organic contamination, photoresist
debris, contzmination from wafer handling equipment, and wafer backside particulate

contamination.



particul ates, and pol ypeptides. (411 Figure 2 is an illustration show ng a
flowhart of a nmethod for renoving contam nants froma substrate surface,
in accordance with one enbodi nent of the present invention. It should be
understood that the substrate referenced in the nethod of Figure 2 can
represent awemogonsict or wafer or any other type of subgtiiab@shisesm whi ch
contam nants associated with a fabrication process need to be renoved.
Al so, the contam nants referenced in the nmethod of Figure 2 can represent
essentially any type of surface contam nant associated with the
sem conductor wafer fabrication process, including but not limted to
particul ate contamination, trace netal cb%tanlnatlon organi c
contanlnatloEa] hﬁgore5|st debris. contami nation from wafer handl i ng
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proximty tao@rifORt 3MNARHRLESRIL px%ﬁingigﬂf) §ggr§£r£%£n%8re By th{e st 2. such

interaction is established between and contam nant .
[44] Addi ti OR4PR jAterpqtion fesabisbe bebrien ﬂtewehmqnmaertﬁaw ﬁhﬁefbrlmnm operation
for controlli rature of. the clea rial to enhance

i nteraction Ib‘gt mé%ﬁ‘tn{j {;{Hle B TG Roxoti s1)aL e m‘étﬁ%‘[]‘?aﬁé“ Mﬁlﬂ%ﬂ?%‘ﬁm}.fo’l\?ﬁfl@’}‘“g
speci fi cal | y, temheatugngfahatloméngohatirdn i€ bdandicngtemati@r beabcca ale fidid cﬁ@:pbxreﬁ{ | ed
to control the wy OReitihes NMord %G&%leﬂ u‘PeO{ERaBE!%ﬁe 0 ‘ﬁe c%’é:%ﬁé’ : a’t r1a gan i}J“ gher

tenperature the solid conponent” na e suc conf or s
better when “°pFdlsdd wyaringe Ptf%“t?brﬂtfath? ekt compemant. (Fnt:@m!rhée,s@l % dlngher

conponent i Senpfepgse dhaaqtd Q&ﬂﬁ&;&ﬁf&ﬂay E&n&x@%z@l@ﬂ@ﬁcﬂ%% it bRGhEPREF Abdir € 1S
| owered to rr?é%s?edta ]§?|Id cor’% e,lglﬁ ess nmal | eable to better hold its
conformal sKape refative Pgmy PARCH i 0kq srmportt gtrpssed 379 SBIMRAY t he

solid to the contaminant, the temperature is lowered to make the solid component less malleable to
better hold its conformal shape relative to the contaminant, thus effectively locking the solid
component and contaminant together. The temperature may be used to control the viscosity
of the viscous liquid. The temiperature may also be used to control the solubility and
therefore the concentration of the solid components. For example, at higher temperatures the
solid component may be more likely to dissolve in the viscous liquid. The temperature may
also be used to control and/or enable formation of solid cornponents in-situ on the substrate
from liquid-liquid suspension. In a separate embodiment, the method can include an
operation for precipitating solids dissolved within the viscous liquid. This precipitation
operation can be accomplished by dissolving thg solids into a solvent and then adding a

component that is miscible with the solvent but that does not dissolve the solid.

[45]  The method further includes an operation 205 for moving the solid component away
from the substrate surface such that the contaminant that interacted with the solid component
is removed from the substrate surface. In one embodiment, the method includes an operation

for controlling a flow rate of the cleaning material over the substrate to control or enhance



conponent and contam nant together. The tenperature nmay be used to control
the viscosity of the viscous liquid. The tenperature may al so be used to
control the solubility and therefore the concentration of the solid
conponents. For exanple, at higher tenperatures the solid conponent nay be
nore |ikelyw®xdysgolsve in the viscous |iquid. The tenpgiahh®siRyo; al so be
used to control and/or enable formation of solid conponents in-situ on the
substrate fromliquid-liquid suspension. In a separate enbodi nent, the

met hod can include an operation for precipitating solids dissolved within
the viscous liquid. This precipitation operation can be acconplished by

di ssolving the solids into a solvent and!then adding a conponent that is
m scible with the sg%%ent.but t hat ﬂpes not, di ssolve the solid, [45] The
met hod f ur t WBPYTNEF BA8% ST COPRYSET B Coe artiPantB N s i sulsfrrlg: dBsssHent
away from tdishsplhsnr avenisu fdraceodngchntziatatibh @otantbdifaRast bd Rallerhdpteaniact ed

with the sol] fromthe substrate surface. |In one
enbodi nent , %‘%’é"p (?reg?rﬁ%% ?1?:4 E)aéssnigérﬁrggpae%l% P On app?gpg 86%?‘?{8%?61 Sﬁggﬁorﬁ’O&W’tF ate
of the cl eantinge wiereing alatesipl puch Heat Sighstlidatoeppmencosstabbih or ingmdvane evitiGhe

2007/ 078975 Rethin2aRQ66048:4606. 13 novenent of the solid conponent and/or
contam nant away fromthe substrate. The nethod of the present invention

for renovi ngiepntamhe aibaimbitOM: andiddsdah 3hdudeah HRrakifPLeNBRbIEdednd mMBaY

di fferent | @n s.there is a nmeans for applying a farce h

sol i d corrp\gﬁyﬁ{agign 00? ﬁ?lag cé'aélaﬁi?ené&ﬁ%?t%rt 15 cleaies ‘gﬁ‘é‘%/al’t ﬂ‘@t $otHgs c‘%ﬁi‘ﬁ%‘ﬁ%nt s
est abl i sh arcoptaménaatst isoreangd With heuitabbmtimmicai(sit Gatt Deibates enpreedyval 4G)[ tha one
enbodi nment , : inc a rat.l f_ a.fina n.. ln,the
oper ation of&%‘l?ﬁg‘l%{l %lggaé%ﬂﬂ% lﬁ{eé %H%%%er %tr%pete'hgg#q?ea |Ieﬁglf Er#él':t ‘g%“,"% tﬁ%flﬁaqtf%e
cont ai ns di SGHGEMtTBhisarierhantlis, acidszel NEHREGdiWadHn DISUqubbesuseh tnietalg s)
that facili teaftesyicheid ermealbpbieabifad Lo R iR 654AL bl HeFR R ine)
substrate S%Jé"a%)e' -0r .‘gxa({r%)l < ihf h%}g vidsc%gs [ %ui d of the _ cleaning
material is & CArBERyPIE KerraPIgee iKERREsIferagrdl 4o BitpAdst P heswhE e ¢ o
renove car lsos@dei ¢ adiltemetivelt he subBttat e ssbr f &ceamiNbdiOd hydieal y zagfateor

i oni zes by Of9nakh %]h% LB id. 2abl; t hydrol yzed
car boxylic g%?g tzgnbe Ini@%[qt’g ofa? tdﬁg subgqt %gogc gaslnﬁorx g%aéglf%lfgﬁiﬁ%%{‘g\sl% t%, a
surf act ant, S8 as amoni um dodecyl Sul fate, CH3(CH2)110S03NH4, can be

added in D w].,to renmve cl?rdboxr%/I i¢c acid gel off the substrate surface,
f47j I'n anothdr ShHFSHIHERROIET410se gpraopitolipvsghe B clepronersiisn degesiher

oper ati on debwei lddtr the final clean, the substrate surface can be rinsed with a liquid, such as DIW,
to remove the chemical(s) used in the final ¢lean from the substrate surface. The liquid used

in final rinse should leave no chemical residue(s) on the substrate surface after it evaporates.

48]  Figure 3 shows a schematic diagram of an embodiment of a substrate surface cleaning
system 300. System 300 has a container 307 that houses a substrate support assembly 304.
The substrate support assembly 304 has a substrate holder 3035 that supports a substrate 301,
The substrate support assembly 304 is rotated by a rotating mechanism 310. System 300 has
a cleaning material dispensing assembly 303 that include a cleaning material applicator 306,
In the applicator 306, there are multiple dispensing holes 308 that allow the cleaning material
to be dispensed on the surface of substrate 301. With the aid of the rotating mechanism 310,
the cleaning material 307 covers the entire substrate surface. In one embodiment, the
applicator 306, through the action of dispensing of the c:leam’ng material, provides 2 down-
ward force to cleaning material and to the substrate surface. The cleaning material can be
pressed out of the applicator 306 by air pressure or by a mechanical pump. In another

embodiment, the applicator 306 provides a2 down-ward force on the cleaning material on the



above. After the final clean, the substrate surface can be rinsed wth a
liquid, such as DIW to renove the chem cal (s) used in the final clean
fromthe substrate surface. The liquid used in final rinse should | eave no
chem cal residue(s) on the substrate surface after it evaporates. 1481

Fi gure 3 sheysa7eghemati c di agram of an enbodi nent of gSuRsikat@surface
cl eaning system 300. System 300 has a contai ner 307 that houses a
substrate support assenbly 304. The substrate support assenbly 304 has a
substrate hol der 305 that supports a substrate 301. The substrate support
assenbly 304 is rotated by a rotating nechani sm 310. System 300 has a

cl eaning material dispensing assenbly 308*that include a cleaning materi al
applicator 306. In the applicator 306, there are nultiple dispensing holes
308 that al |%\RFtEaFFewEfP@é1¥if’rfg’Wﬁa“(aéﬁl paphanicy e dTgrerdagmerhaniye 340 proyides of
substrat e 30sheer\Vibich t e Adadling@fmdtdial bed @t thOGuiAROBANILED 31 One ehbiRIBIRAAE NQ

mat eri al 307 %ger%cf}agesmgﬂ iigtlgtagdbsttrat% g‘%f ace. IIn one enbodi t he
appl i cator 306, "% Arotghthe "actt on™dt *Paf S%’ GO 1N RP ERPHS &ial,
provi des a cbant- 100HM fipefeebly beivicemmtiony S REME o dblouatIOREM. tThe psishisd exxtied
surface. Theoncdhggﬁﬁxﬁlgg Hfg‘kﬁgi!(&l f&%&%{ﬁ tT Eﬁ%stﬁg gle%g xglfa e%%%#gﬁ{)!h% %ﬁgeh%'étog 06 by

air pressure or, by a nhechanica not her '
appl i cat or 3096 ipPEvEdedbort HBRhovgew 3obde Afemately| thapinigatmailsr jaaloteas t he
WO 2007/ 07 8%fbunB @b/ eii20 i OdB:FA6 301 b hIaE hakRaSiirdace by a down-ward
mechani cal force. The rotating nechanism 310 provides a sheer force to the
cl eani ng mat(@?li alin amderbi@dirhmt, syisah 380 elss urchaleea dispearel @nbaith e tispdnbe
rotating mechgnh s, 30 dRekiotaked 8 O nihe LOURG BEr
mnute (IUM to about M t(S.tRPMEl ptrogc?eeafr’i1 g%f)sgg%g%/\%%%‘%ggg’gtcyegmﬂ%’m%tégg]a Sut 30
RPM The pr &8% iogese xairqop@mingit-ene val| kyat rdeaming endterial (io cowpleisdunid) ancdiepush
the cl eani ngnipBliBlch@kheQdiipeer BEE cANRTeERt D8 candi3biotusioR SV 8O NEROHin DIRSI tO
about 20 PSI ?lg%grnatlvel(ﬁe, L%}he ap'FI i cator 306 can rotates  around the
center of tHEFHESFIRPeOBHT PBSFOINGee thdveRkas Heoris@ns figed prenghle the
enbodi ment , viéysisdiymBl0 balifed offi dledistraa sohifgpe AservadB0the o< disgaser ddGpense
DIW 321 on (S BRLERLnGUREA0%eh QishdSABIWG (SHRR AL E SN LAGS, Bl
cleaning material after "~ the process of contam nant - r enoval y'f € cleaning
material is SEOHPEEEES | n another enbodi nent, the di spenser 320 can
di spense a %ﬁanw sal ution, .such as NHMOH in DIW descri hed above, on the
substrate sdifac& g UHS BFETTPh dat heen\Aewabers™) Pt A st e smbrdments it yitkbous
liquid to beppredidted tiat fihdshekslad Si rted @ct Sipoh aelingAfHefre@BlE , spkdl Bcatiaie and
di spenser 3%afthe Ane UMbl BEE Win i aREN G0l Uier 3RO ffnsT! SRENEFord! Y ©
renove the c ean%ng solutfon fromthe ’ ’

equivalents thereof. Therefore, it is intended that the present invention includes all such

alterations, additions, permutations, and equivalents as fall within the true spirit and scope of
the invention. In the claims, e¢lements and/or steps do not imply any particular order of
operation, unless explicitly siated in the ¢laims.

What is claimed is:



substrate surface. [50] While this invention has been described in terns of
several enbodinents, it will be appreciated that those skilled in the art
upon readi ng the precedi ng specifications and studying the drawi ngs will
realize various alterations, additions, pernutations and equivalents

t hereof. They@ipteweist 1S intended that the present invegih@mokbghisdes al l
such alterations, additions, pernutations, and equivalents as fall within
the true spirit and scope of the invention. In the clains, elenents and/or
steps do not inply any particular order of operation, unless explicitly
stated in the clains. What is clained is: WO 2007/078975 PCT/ US2006/ 048706
15 Caims |. A cleaning conmpound to renbve particulate contaninants froma
sem conductor substrate surface, conprising: a viscous liquid with a
viscosity between about 1 cP to about 10,000 cP; and a plurality of solid
conponents di spersed in the viscous |i q& aqmst he plurality of solid
conponents interact with the particul at‘e*‘“ccmt am nants on the substrate
surface to renove the particulate contam nants fromthe substrate surface.
2. The cleanjng ¢p BHQF (9{? t I|qU| d. i

car boxylic afm d gelrcr{g made o ?é‘gsné%l &u\%eeg&é oﬁft&?slzj%o{"o abou rﬁ%‘%or
carboxylic a@bwaieﬁﬂﬁ@ﬁm?mpzéﬂgwater 3. The cl eani ng conpound of claim1l,

wherein the pl uralvasw,scn u1§9vllt!hqv.&:§am%@m‘3§n Aol lacPtfo%E&M 188h6lcPIgya ng carbon
nunber greater than 4, 4. The cleaning ound claim 3, wherein the

fatty acid is sePé)&‘tf@ay 21 WWFH@FWBEH*SPEY dhg ﬁ@coa% liguidy the phusshiprafispld
stearic, oI e:lompoﬂldnﬁdhtedaﬁ withi th@p@fitulate BIRGIThAG UnGhe geodtehtifacetdrihbye the

but yrre, q{aptlci.ll'ate c.o{&a%marﬁé ﬁg%rtfllesstu Stiate & rfgca“ c, b.ehem C, i gnoseric,
nyri st ol cic . nerv C, arl naric, tinnodonic, brassie,

cl upanodoni ¢ acid and m xtures ther eof 5. The cl eani ng conpound of claim

1, wherein the phyg é!l:dni:hég@&p&&h'o@cﬁﬁ@%&ﬁﬁh@@%&msYi'!qlﬁlllﬁlaaéaﬁaokﬁib%ﬂ éé?t ween
about 5 microns to about 50 microns. 6. The cleani ng npound of claim1,

wher ei n eac P by Aissobying befyqey 2bgut 26 tp abp B samAic aﬁéé“ %‘5 ’&P’é??e‘f"étﬁr that is

| ess than 0.1 micron. 7. The cl eaning conpound of claim1, wherein the pH
val ue of t h%. VI SR glealnlin%uclognp!:)énd of claim 1, wherein the plurality of solid components are a

fatty acid having carbon number greater than 4.

4. The cleaning compound of claim 3, wherein the fatty acid is selected from the group
consisting of lauric, palmitic, stearic, oleic, linoleic, linolenic, arachidonic, gadoleic, eurcic,
butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric, myristoleic, palmitoleic,

nervanic, parinaric, timnodonie, brassic, clupanodonic acid and mixtures thereof.

5. The cleaning compound of claim 1, wherein the plurality of solid components have

width and length between about 5 microns to about 50 microns.

6. The cleaning compound of claim 1, wherein each of the plurality of solid components

has a diameter that is less than 0.1 micron.

7. The cleaning compound of claim 1, wherein the pH value of the viscous liquid is

between about 10 to about 11.



bet ween about 10 to about 11. WO 2007/078975 PCT/ 052006/ 048706 16 8. The

cl eani ng conpound of claim?7, wherein the pHis adjusted by addi ng amoni um
hydroxi de to the viscous liquid. 9. The cl eaning conpound of claim1,
further conprising a surfactant to help disperse the plurality of solid
conmponent s. w®z07/R96l eani ng conpound of claim9, whereiggihgogMish@ct ant i1 s
ammoni um dodecyl sulfate. 11. The cl eani ng conpound of claim 11, wherein
the viscous liquid is a gel. 12. An apparatus for cleaning particul ate
contam nants froma substrate surface of a substrate, conprising: a
substrate support assenbly for holding the substrate; and an applicator to
di spense a cl eani ng conpound to cl ean théﬁparticulate contam nants from

the substrateg surface, wherein the cleaning, c und. i s vi scous |iquid
havi g o | vi Scosi 15 SeptEc e P Mgt P 6 vee B M eeBran ¢y
of solid conpwhendstodireeiscdisdigeiised i n the viscous liquid. 13. The apparatus
of claim 12, wherein the substrate support assenbly is rotated by a
rotating nechanism 14. The apparatus of claim 12, wherein the applicator
rotates aroufrd thEhecdasniae conpaune of slabys iy fatther coBprisTipee apfatat oshelpf digleabm 12,

the applicat @ pRxant S BldQMpMaREd force on the cleaning conmpound under the
applicator by using either air pressure or a nmechanical punp to dispense

t he cl eani ng conpound. 16. The apparatus of claim 12, further conprises a
cleaning |iquld ditepdnsinggohpad o claheRnilgid thauhdadting PERS8EnIMN dd¥8ey]
cleaning |iqyyd..di spensing head to remove the cleaning material fromthe
substrate surface. WD 2007/ 078975 PCT/ US2006/ 048706 17 17. The appar at us
of claim 12, wherein the viscous liquid is a gel. 18. A nethod to cl ean

particul ate pont am BRRM:S: ok FURSH i A Sorgh il 366ous QIR SLAO:

i2. An apparatus for cleaning particulate contaminants from a substrate surface of a
substrate, comprising:

a substrate support assembly for holding the substrate; and

an applicator to dispense a cleaning compound to clean the particulate contaminants
from the substrate surface, wherein the cleaning compound is a viscous liquid having a
viscosity between about 1 ¢P to about 10,000 cP and a plurality of solid corpoenents are

dispersed in the viscous liquid,

13. The apparatus of claim 12, whérein the substrate support assembly is rotated by a

rotating mechanism.

14, The apparatus of claim 12, wherein the applicator rotates around the center of the

substrate.

15, The apparatus of claim 12, the applicator exerts a down-ward force on the cleaning
compound under the applicator by using either air pressure or a mechanical pump to dispense

the cleaning compound.

18, The apparatus of claim 12, further comprises a cleaning liquid dispensing head, a
cleaning liquid dispensed by the cleaning liquid dispensing head to remove the cleaning

material from the substrate surface.



applying a viscous liquid having solid conponents dispersed therein to the
substrate surface; applying a force having a down-ward conponent and a
shear conponent to the viscous liquid to bring at |east one solid
conponent within proximty of a particulate contam nant on the substrate

surface; angyg aapyisng the at | east one solid conponent ngﬂga%ﬁmﬁﬁ&jculate
contam nant away from the substrate surface. 19. The nethod of claim 18,

wherein the viscosity of the viscous liquid is between about 1 cP to about
10,000 cP. 20. The nethod of claim 18, wherein an interaction is

establi shed between the at | east one solid conponent and the particul ate
contaminant. 21. The nethod of claim 18, Ivherein the viscous liquid is a
non- Newt oni an |iquid whose viscosity decreases with shear stress. 22. The
met hod of claimI|S, wherein the viscous liquid is a gel. 23. The nmethod of
cl aim 18, fult herlheeppuritessclaing ) wHagid hevivdoschyisd siagel. d from t he substrate
surface by applying a cleaning solution that hydrol yzes the viscous

| i quid, wherein the cleaning solution has a chem cal that enhances the
solubility of8thet W@e@t@sﬂlqanqwt@llfat@dontdﬁheamtm&dmmdsmm@ pirfre Bomprisirigher

conprises: renmoVipgyihe &dc@&mqﬂm Eﬁgingtsb@dqcofn{p%%nttm dﬁ Ehre@ir?tostﬂé £L@>§tﬁat? y

appl ying a de- |on|zed water to renove the cleanin tion fromt
substrate su¥fate.

applying a force having a down-ward component and a shear component fo the
viscous liquid to bring at least one solid component within proximity of a particulate
contaminant on the substrate surface; and

removing the at least one solid component and the particulate contaminant away from

the substrate surface,

19, The method of claim 18, wherein the viscosity of the viscous liquid is between about
1 ¢P to about 10,000 cP.

20. The method of claim 18, wherein an interaction is established between the at least

one solid compenent and the particulate contaminant.

21, The method of claim 18, wherein the viscous liguid is a non-Newtonian liquid whose

viscosity decreases with shear stress.
22, The method of claim 18, wherein the viscous liquid is a gel.

23, The method of claim 18, further comprises:
removing the viscous liquid from the substrate surface by applying a cleaning
solution that hydrolyzes the viscous liquid, wherein the cleaning solution has a chemical that

enhances the solubility of the viscous liguid.

24, The method of claim 23, further comprises:
removing the cleaning solution from the substrate surface by applying a de-ionized

water to remove the cleaning sofution from the substrate surface.



